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(54) METHOD AND SYSTEM FOR CONTROLLING PHOTOLITHOGRAPHY PROCESS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control the parameter of 
photolithography in production, by analyzing the 
measurement value of the parameter of the halfHlnished 
product before processing together with the advance set 
value of work parameter and the result of processing. 
SOLUTION: Concerning the advance setting of work 
parameters, and concerning the results of processing, so as 
to judge whether to correct the advance set value or not to 
provide the results of processing when applying a 
processing tool to a wafer, the system analyses the data of 
measurement of the parameter of half-finished product 
before processing. Then, it detects the advance set value to 
be corrected, computes a correction, and makes a data to 
show that. Therefore, the photo truck 12 of the system 10 
is equipped with a controller 16 and a measurement tool 14 
linked to the station of an operator, in addition to a cover 
tool, an exposure too, and a development tool. The 
controller 1 6 is a processor equipped with a proper image 
processing utility. 
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m&toju&m&mm-r&tz&iz^ i±m&<DimjL<Dmiz. 

[0 0 2 6] *§£W<D£ t>\zm<DmfflZ&tll£ H -^tf) 
MJi&mZm&'t&tztblz^ £j£^>T o Tit trL 

rt^^^IDX3i^ti:^p D pC0fc^lc^^ttrl^'>^^:< <t 

*u B5I5ADX^— ;u*<. tax4»<Dtt&p°p<D'>ft< <t 4, 1 

i/^^-^$tLtfcy, *DX^-;u^BtJlBtt»a(D 

jtoxwuzBirfB^^ < <t 1 1 ooott*/*^ > —zommwi 

Sffi£#LTfcy. ^jS^-O^x^-yuic^^^-o 
iinx<7>Mlc^x-r-<^ tt»p D H lz@ffl £ *i£ fcy>tziSM 2 

tB'>ft< t-fe i ^<D/<^*—$$mfc-?z>t-tb\zmfcz 

tiTfcy. mrl5^fe+0)tt»p°plrj[iDX^-;u^^r>5> 

[0 0 2 7] * sfcfgBJM*. ^5fe^-;U 

B££:ft6 0 

[0028] lasaffimftKR 

[0 0 2 9] tt*0>fttBJ3J:tf»*Lt^S8aSJB«<DB« 
ftSttB 

y^^-r-rv— fc^tfD i \z\*k < lea****! 

14— K/**y-£7 ;u — ^*ffl«*r * fc <fc Icgtp] ft ^ a 4z ^ 
"9" 8 ^-Mit LTl^ c Dltfjg*;/— ;U7 y fi^^ftit 

[0 0 3 0] 

y >**b 



xtai o\zt$^xm-x*fo&ffif&®&zmii'?z>tztb 
n*fti*fc«>* xf-y 3 >i 8 7b^ i^— 

[003 1 ] 

02blt »J>$ 1 o ©iaicttK L t < 

^4" h'J 7^77-<-Sl^t^vXfAl OOJ 
a*LTL^. ^fA1 # 0fe*tf1O0*CH 

T\ vXfAi ooi*. '&*<r>o^^ J ?v--)\,\ziRx_ 

[0 0 3 2];1^7-;KDlt 
llt^U4lt, tt»S3b^ fc<t*.tfB3fc*V— ^3ft 

t. ^x/\ (S^*+LT^ftt>) li. PRlftM^lII^c*: 
tfttA^Mttlz (p^vhlz^y) as7-;n 4irt 

-t(D«*»«|^7(4«lcfcy % -S0PRilz,fctJSg 

y, -t^-c-36a>uvjttw«a*Ao©-3ea>««doic 

*^*tiftit*t«ft^ftt^ SSflfccfcl/StSffidofe 

y Bft ry-iu 3 an bai^TS c y . s«»»y— ;u 5 <d*p 
izMftLxi^&lmJL&fr^jL/\±<npRm<o%Bh>tixi^ 

It. lEJStSt (^®JS») RE#*5J:tftt«*» (R-spec-fc 
£tfRdiff) *^«fiE*ttrt^o PRia)/^^-^ 

«*h-Cfe*p LB^t, ;U3(*. iaTO/N° 
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*LftB**« (^£y. Bilt^do) CDf-^|z^{ji 

(Hfi) £4xTl^ft 0 ^*l£><D/^>— £1*. Xm9t(D 
XL&OM&t LT(D*ffiSSf¥ (O^y, P RIOT 
CD) R S ub (A) (Rspec<t Rdiff) . k (A) . n 

[0 0 33] fcfiUJX4>©^i/\WI4 v ApT< ft 

*t r i * * «t t c - a t & t * iff t b <d / < =? * — * cd ssjg (o m % 

£oT^ftpT^t£*<&ft 0 »S7-;n 4 1*. ^D-lr^ 
^•16ti:ti:, ^X*<D^(D^x/\f^JB2;fLft£ 
^M£;ftft P Rg/<7*-$ ^^ftfz^lZ. m& 
3 (DW»»a d ol=» L X U £ tlft U T^U* -f A 
(D^aiiiEA d ^^t^30(C^±l0 0 C<DUr;U^^A 

yjMr**u -etticcfcy^^p^xco^^^— Kfto» 

[0034] 

ICcfcyjOX^ftft vXfAl OfC;' a v oTiiIfrrft^x/\ 
Wlc^tf:#{t^ti.TLNft 0 ^x/\WI*. iHS^^x/N 
h-fft*=tf>l;. c^lzte^ < r=5*£*i 

TWl^i£S£<D±|ZteMLTl^ft 0 ;U1 4 l* % ft 

a. 2 0 b. fc£tf2 O c(D3 0<DfifE5^*;U$^jc 
ft<> $!£ffl^-V*;b2 O bit. ^x/\W0)PRi(D^ 

;i20b6W20cft *aiBa)«aAlcBia**vT 

L^**S»»«5. 5 17, 3 1 2^(DBJ$ffig|zf|?^£ 
tit l^ft (DO) & 5 ftflE*(7>BE»a)aHtf & o T <£ I*. 
[0 0 3 5] m9tT**)i,2 0 al£. RgM»«2 2. ft 

fc°>*— ^3 2£<li*_ft 0 ft^2 0a»f:i3t 

SM2 4I*. t-AX^'J'^3 4^3 6, fb>X3 
8. 6J:i;>ittU>X4 2fi 

*ft 0 ffi*a>^a-ce»*jSBias(DBW<z)fca6 
cd. wm~mK£hTi^i^mw£^—$\z&i)mw}£ 

fcb§£2 6lZ|fijlfr. ^x/\WCD_t (o*y, *-<d-#± 
CDPRjf) lZ*jSA<**3l±^4x-S»1*U>X4 2lCfftCD 
ft. -tL^><D-r-<TCD7fe^^CDl!lf^iI^ 

ii> -ttietMWai-efcfto 

[0 0 3 6] 3Nfiffi?*;Ms2 0 bli. At*ft££C£ 



ii^fto 7fel4 4lt M4 4i)<7HU 4(D4»f33fc£ 

3Krtt"ftfci6(z>a«ift5fc*rt*^ajaic<sij:f*ixri^ft 

<Dfc£tf. ;n 4^(tUBlLr^ffl<Z)tt»«as-c?fc 

i*. K£<fctfm%— KcDs^-caft 

-f s o , ^gi^gs 2 4. .ft* .« am e- ax ^ y * 5 

2£^;ift 0 — 4 81*. U Vjft^^JiKT-rft 

tfeit**(D**«l»(Drtfc«fetfnicfcft^(D»ff{i1Bt 
#14^{iScDfelNf£T^<i^-Cfeftr^^^x-^ 

mi4 e<D*<$->mm=E- Kfe«fctfais^— kiz 

»JC-Tfto ^aJ^S4 7li. #*ftj£fHr>-*5 4j3 
cfct/fcf>*— ;U5 6^^^ft Q ^«J«vh7K5 0[t 

lcfi]J?3£*ift 0 hf— AX3fy 4 Ofc^tf&tfcSSM 
2 6<t<l:tl^. Ml/>X4 2^ X$6. Ytt. 

WW ±l^yttlte>ttfta>A<»^LL^ 0 -(D^^. 

K^t>r6iitt>ttfto ccDft^i*. mJ^ufc 

*i»»»5, 5 17, 3 1 2^$ffl#|-g§7F^tLri> 

fto 

[OO 3 7] -f/-S?>yf^*^2 0ctt, OiAW 
CCD*>760li, Sift^^^ti-CD/c^fCg^^tt 

ft^ y ^ K**fc±m*tw+»« 0 

[OO 3 8] ^tl^ttR^^-V^;i/2 0afccfct/H^^ 
O b<D*lcl5M^+tTl^ft (T^^iX— 
M^Tl^ft) y^7^-62t64t$bl:Ii^ftLT 

y. R^^^^;u^/cii;i?^^^;ucD^^^^^g« 

xt"Cf^l[ir#ftci:5lC^ft 0 ^CD$g^. aiS^-V*iU2 
O b*<t^ofc^f^i!)^ttft<^r. ^y-y>^f-v^U2 
O ctfUB^-Tfto «JS^— iHSft^— JUifcftCD^S^^ 
- Kli. P RUCDm^^ hCDM 1 0)#**ffitf MS. 

[OO 3 9] ^P-^^3fe 

S^^^^;u2 o aii. -Kftictt, Bca«Ao*tt 

fflf ft^3t^-;u3CD^D— ymt?t^m\zmwi?&yn 
a>n«fc*ffi»ic(i»Lri^ftK»-^-f h (@ 
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*D) «Bdor=S««:-ScDRrsea)ll»IMIdj$ftffl-r 
[00 4 O] :/P-:/B§lt*jg§d jl*. -^O^X^7^ 

fci±«so)jEan-*ia)R5t 4 y— ;m*do"cfc*i&s 

l*fcl**<. ^ft & <&fcl**£0>SJ^I*KS * lt*Uf 

c*ti± % «*»ccD«g*rc»-r«ffi5:Bi5isit 

C(7)ct5l^LT. ffl^^— ;n 4 1*. :7n— :?B§S«ga 

4><7>H0£tf>^ x/\(DBfflfcB3ftO>fc#>f::. B3fc*>— JMt 
«dol-affl**l*jE«&aiEA d £3fc#>£ 0 
[004 1 ] hi*. l/vXhtfOTlcfe^I 

% v —)v 3 -x*mm £ h & ^ x <d n$m u t x v* i** 
[oo4 2] x^^ h;us»*aie 

»*«ft«HJ-r. wCTrf*. *g»l* % 3Mfitt*1 4 0> 

aj»««4 7|::|pllt4,> t-AX^J^^5 2il 
^^fc?ta)-SP^^3t3feSI+^$ 5 4fzfciiU 

J5l*£t!-6o #3fe5feKtt7**4JU2 O bCDI&fN*. #3* 
(BJftBBk&JitfB&rVn) . SffiJSW^ 
Rsub^ fc£tfOx/\_t0>PRjf (7)J?£ h^Jt'&C 
irSIWtLtl^o ^3fe3fejtft-t?>i^5 41*. PRI 

/fecktfPRSS}*i w oftj i m (A) 0)ff^t^ o 
[0 0 4 3] asf-^#» 

T^o-fe^l 6 f^ bEt*— * I id (A) icWltLTfr 
^>^tt^<!:^lc^3fe14coaiS^m (PAC) <D*»|cj: 

yjAbtirt^, x^ h;u^*f^JHf*. j^tic$p> 
l^B«ffiicS&Bji£;h.& 0 

[0044] PR£U VftlZi* btt. it^it (tzt 



<D»4R C£o PRM, *t£!Wl::|* % 

y**«f*it&*vcL**o p ach^co^kii*. ftsMic 

I*. ^—>V^W\tn^tSMz=7>^)\, hCDDiii|XCO*llJ 
ICc*:y£#>b*LTl^o -0>ft;£l*. 3OC037^-hUv 
Xh/^7>^ABC (OSVDi I I — £ 

ttftU A <b B l* v ^tL^Kfiprfle«nBK£:lftfi? 
ttftjRffSk-efty. cit«»ix«R-eft«. d» i 

«fctf*>5iU— >3>-C«B<j:f8:«*aifcL. 7thU 

vx htecfct;*a)»«35<aijRitu— x-f >y (arc) 

y. ^x/\) ^fjOJRWcoa&^^U^fcl^TI*. ftft 

^tLt, PRSit^ith (A) £m-tmm±(DT 

9o D i I *l*. PR0)fl:¥tt1£&J:tf3fe¥ 

«tt<DB*a«.$Eft-r*a>-e. »**g^i*. 
u^;u-e<DPRg^^<7>j5^^^ft?-r>5fctf)fc^ffl-c 

[0 0 4 5] *^CtoT, PR(DABC/^7>-^ 

mmmm<Dto<D 1 oi*. BatsmaMB^Bfliu 

M%Lt LTPRJR»* l m (A) CDB^T— 5 

ffilEZtltz (SgftSttfc) PR/^7^-^^ffitM 
^^E^U^WS^Ftt. Di I i ^ ABCtflESr 

Sltoc<i:*<fe4o l^ofcA/«iE**tfcABCA<3Rtf>& 
^4<h. ftU2Htzmm±<DT—$ I th (A) £BK» 
^f-^ K m (A) rcfi«-r*;u— ^>R»A< % BS 
^t^&lmftfet Lti^-C^4f£55o ttjEBB3^& 
BBttSk-r«C^:^-C#«OI*. Ith ( A ) ttSttftttt 

fie* 0> Lfr^fi$lJ^I*iIfSSIfT^-4 C t A<"C^4o 
[0O4 6] EttttB*£SJ8tU R*pr«tt««tU 
vX hl^^^4c<t*<X^4C<t^5iSllc^^fctf)lc 

i*. »fttz&nm&&t>i*mmtfi* yxfA 1 004^1: 
y«tLTt^&ittitfft?,&L^ o*y. ^eott^TK^ 

^g^lcHLTI*. ca>B«A<B*tt«lziS<. «* J: 

ytti^»y. fiB3ftcDffii^zi> h^x h/'?^— >^{^ffl-r 
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II ^1^15. 604. 3 4 4^tftijfx^tl 
. [0 0 4 7] &jE^J1S 

StSJkltipRsub. fccfclX«@Jl^rzSo*t>T^^ 
<btf>^gl*. «IE&*£T*CD£*&^b£3I^C£#lx 

^Hl-FfU QMtlSSCDHft. O^LJk (dj) fc^t/n 

(dj) tit0PR^7^^, n^zfm&om 

O^Lj3d/3k (d) t3d/an (d) <t LT 

[0 0 4 8] J¥*i3cfctf*«J5»*-ea>^b^ttUi*ti 

«»««rcj&Si:**L««iESW-*7r*Ci:3&<-e# 
[0 0 4 9] ttSEfl&HftS 

^xf ^^Ltt^o frtoi::* r*fj<ig 

7 0) o fti*&. /UD^h^iA (£fct*« 

7 2) . CC-eii. *M h/<9— >BK¥M£J:tfaik 

H3i£*L6 (Xf7^7 4) 0 tCDtzdblZ^ — 
6 2fc<fctf 6 4f* % iSf^^2 0aflBiL, MS 

ftfi:«fcJ:i;»ftfiBlcfc* p 7>r^-4 8icilt 
tt. -t+ttt. -^(DSfeiiM. o£y^*;u2 o b£ii 

mt%mfflttMtf&m2tiz> Uf^7 6) o ceo 

[0050] 7^^-4 8lt ft*;i2 0b£ll) 



mXk>)xZ>o : ,&%:<DM&. 0*y I m (A) £LT(DP 

RSMtfitih, *R 8U b (A) . n 

(A) % k (A) . fcWPRKDfifh^ Dill 
> — £ CD£ gffilcg^T 3f:7-> a >T*^^^U 

1/6 4^, ^*L^*U l^t^^;l$ft^U2 0 
I*, ^^^tvfc^— £ I ' m (A) £A^L. /\^^ — 

i (A) % j (A) . m$h f u tecfctfsit 

Z(DT Is 4 fax 0)*f h*>£>+J->f h^(D (^^->3>tr 

i*/i>£t^) fc«fctfmia<Dafe4i«»««-e«riB* 

xC^HtT^^C^lC^y. ^ciEffl^k (d) fcj:{/n 

(d) J&<A#**l4 (Xf^7 8) D «iEtt»^t). 
&mmM&mdrec&*&t>*lZ> (Af7^8,0) 0 it 
^Sd rec l*. fUtS+ifc/^* — £k. n. R su bfc 

y A^**t&*M£*i-ci*£/^y— *a>rta>*tj£-r 

£ (Af'^8 2) o Z0)nr— £ Xli. -£(7)g*& 
SSt^Rsubl-SLT. *£S<Z>l!i]2& (o*y. k 
(d) % n (d) H h (d) ) t LX0)P R(D3t¥/^ 

■^i^cfcym^^ti^ii^i^ii. flisttjia)ftx(znii-r 

^IiJIBA-r *y ytfmfcX # ^> f£ ^> 9 d *t * a JB L ft (t 

[00 5 1] CiOl&Pg-Trf*. ^^1^7-^3 0^ 
0)ltSt««ttdrec^»^lcl± % 7fe^^TiKi, 
H"r—5 I' m (A) ^^^^^±(7)^—^ I 

th (A) OBB-eB^jm^jjfT-r^ctiZcfcyfksa^-e 

SI*. JftSMIzld:. aSMf- ^i:Sift±^r— $r(Dfc 
1^£©L^«>* r^^gj h (me r i 

[0 0 5 2] aN£^K£<fctfBjKMVP 

£a>&^t>fifcy:£oTi^o ^tt-Ptts? 

i: LT PRJ£W^£aLTl^2OC0^:7 I m fcJ:l/ 
1 th^^ Ltl^o pr/^^p<— n . k^jefcu: 
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R submit $&it£V:Z> <»*£1**) d^lc^y. ft 

[0053] &fo&mm<Dmmmm\zK?z>m5-\z. u 

(DIM hOiiAOiS^ 
( 2 ) Sj£»i#^r - $ I t> Sffi JS*r^ R sub ctU'P 

r / <3 * - $ £ m mft n x 1 1 u~r z> z. t 

^mnmrnzmmL. %mizAtizz:ttfx$z> 0 
[0 0 5 4] f+jr*><. mmmmmtmnim^ o^yp 

te<mf&z*ixi^z> 0 

[00 5 5] f!i$Lfc:£?lz. *y hT y^l«J^(D^ 

■BiXo^mLx-mmft^^^ at^9 2) 0 g 

3femiPR/^>— ^ k j (A) . n| (A) . hjfccfct/ 
iMPR/\7^-^k2 (A) . n2 (A) . fc<fctfh 

<Dfcl>f£tf)i§J|o£y A k. An. fc£tfAh£3fctf>£ 
/c^lcit^^tl^ (Xir^^9 4) 0 dtUZcky. Jt§g 
n'Atfi a d r ec ^MiE ^ H ^ A< fe ^ ^ if 5 ^ ^ «| ai 

[0 0 5 6] 
[3&1 ] 

[00 57] Adf*. Ah. Ak. An. 6 

Rsub<J>M£fc-efc£o OftJAd=f (Ak. An. A 

[0 0 5 8] 
[&2] 

^-(*.-*.)-(f)c+ir^ 
[0 0 5 9] C<Di§£k e fc<J:tf k m l*. -t*l-6*i«jEtt 
filrfe^>o (3d/3k) c li. r^IEj iRJ|Kftftffl0) 

*u^;ufw«*:*tt«jt^b-efc*o tb^<5 Rsub^Rsub** 



[0 0 6 0] 
[^3] 



[0061] mmmttt 

[O 0 6 2] 
[&4] 

c - -a * fiR^ 

[0063] fcfttj % CCDif^. -^CDPRCDif^. a 
= &%L (Const) X&& 0 

[0 0 6 4] D£ (12) f£Pgl*. tt»(Daift-8*- 
«f * ;u * £ t; d £ A< T* £ £ f£ ^> 3 C t lz;ifB l * 
Ittttfft&ftl^. Wl^ii£<t. rJt^/<^>— 1 

Zt\z&i)inE£1iZ>t±*>5o 

[0 0 6 5] 2*lZWmzmi£Ltz*nW<D&ttUft®i 

zvmrz>tzth\z^ mxm®<DVLT<Dmz^7LXfrj: 

[ O O 6 6 ] Hffi« 

cco^j-eii. sr = o. Ah = or*fe^o miate&zf 

mibizmZt. «jEtt«*<A^*4xTl^ 0 fl^fx 

fiS^tirt^o JtiSi*»««ttisiTa)iiyi?fc* Q 

[0 0 6 7] 
[»5] 

d rec =4mJ/cm 2 

[o o 6 si «iE*»cifc«ti;Gii*. z<D&mm<Dm 

[0 0 6 9] 
[&6] 

kc=0.006417; ( d d/ 0 k)c=-37537 

[0070] mmffiiEtf&mv x$t 

[O O 7 1 ] 

1^=0.005636 

[0 0 7 2] »JR«»<Da»£«k m IZ|iiL. feiEffl^Ci 

[0 0 7 3] 
[»8] 

dm-4.5maj/cm 2 (d4/d ^=-393.3 

[0074] «]E»^its«r=»LTime*3C«ttffl-r 

KIT 
[0 0 7 5] 
[»9] 
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Arf- -(0006417 -0005636) ■ (-37537 - 3913) 
Ad - (-03)mJ /cm 1 

[00 7 6] Lfc^ot, PRtit&CDftMZH&mZA 

ttztz&bizit. mitv-)i>3<Dmm&mtf7. 5%^ 

<7)^3>&v-^>XI4. k«EflttlzBILT:3SSiaF*i 
[0 0 7 7] ^PtX«ffl 

-Ju J dv J *^ 614. ffiiIEfiiAd£3fc#>. ttiZm+T— 

3-vcd r^^ — Kj $a-To 

[oo7 8] ^^-;u3ic^-r^»®^^^^^^^ 

aufr*^<. rru. fc<£i/^x/\±a> 

SIS £ c <h *<t? £ £ c £ lH^IZ^fB $ *Uf lf*U4fc P> 

[0 0 7 9] ^>S-eiE5i. AoSl^^i^O) 

L (4 . :7 p -tr X M £ £ f£ 5 

tf©<* a r c ^#t;ffmoJ&lt«lcaffi/d:JB3g<7>/^ * 
-*£Jkt». lOTr«c£tf aStt, ^x 

»T>#«f£%5o 3H£SBi 4 14. ry>*j ^f-i* 

— K/^^^ajE*-^xSfctolcaSTf#*f£5 3o Sit 
WKA^StlfcCDI*. £tt&/^*~ *(zJ:ytiijE* 

— $ k. n> fccfctfh<7>M;tt 
14. ^H*(D'^*—$\z&^xffilEi-Z>Z.ttfX*$ 

C. PRCDk/^*— n /<^>— $ % h/<^^— ^ 

[0080] mfey— ;n 4<7)H&i:: < j: y . -ta>»a 
xt°>ili£. SJS. Mtt^fa>1ta/<7>- 

S (7M >^-<>^f-l4^^^ -f ><7>^ P — X FH,—Zf(D 

-f£ 0 sam. ;u4 % tzt?M. mjkmil b 

(PEB) B^Rk PEBS^^iliOI/^ 



- ^*JW!cfi| ffii? £6/£5?o 

[008 1] COJ:?lr LT^ftfcSiEttia 

b< % ABC/^7>-^ (0*UD i I I /*^*— CD 

y. tsftPRKe^sA-c»«. ®m<d rmitmi km 
**\b* tomato t$ <k tf *»«*js z *u «_*L&a>. 
[oos 2] maiLfcttsfciCcfcy, abc/«7/-^ 

tztb. CDilOfl^lz^th R S ub'^*— 

n/\^> — £ x k/ ^>_£ % 

[00 8 3] zzv\t. -Jn-te*mW^m<7)fe<Dl^<r> 

X&PgrtlzmMzMfcoTl^o 

[oo8 4] ttamaHS 

[0 0 8 5] a«-J|*-3W6 

^x/\(4. PR&M ^P-feXfccfct/*- 
kQs no. J3J:tf hoO>ai3t*ait* Uf 

02) e ^*t^t>. «rE»*-as*«^ 

^tt^S (Xf7^104fcJ:i;i05) /=lt$ttffiL 
tll^ Mr. *fcI4^3>BS^»a (Xf^ioe 

bttfco -€-ttl4. kj. nl % h1 % R| % fej:t;k2. 
n2. h2fccfclXR2 ttf*;?1 08fccfcl>'1 1 0) T? 

14) s»«r«ztizj:y % *3axnmui 

[0 0 8 6] HSfecfctfB*^— JUOttiE 

h * 2% R* 2 CDB7fe^iil^*«>^ (X^^^1 1 2) <Dfc 

(Xf „ ^7*1 06, 107. 1 10 

14. k2. n 2 . h 2 . R2&*#>&tzlblzmmv$i>tz *> 
5o A^^4x^i^l|(4. X^*>^1 1 ifccfetfl 1 2C0 

e*r^it<a*+t*t£^do x^^^i 1 ijjwxf^ 
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1/ Title of Invention 

Method and System for Controlling the Photoiithograpy Process 

2. Claims 

1. A method for automatic optical control of at least one 
working parameter of a processing tool to be applied to a working area of a 
workpiece for providing certain process results, said at least one working 
parameter of the processing tool affecting at least one parameter of the 
workpiece under processing, wherein the processing tool has a preset value 
of said at least one working parameter prior to the processing of the 
workpiece, the method comprising the steps of: 

(a) providing a measuring tool to be applied to the workpiece prior to its 
processing by the processing tool; 

(b) applying the measuring tool to the workpiece for: 

(c) measuring said at least one parameter of the workpiece and 
generating measured data representative thereof; 

(d) analyzing said measured data with respect to said preset val ue of the 
working parameter and to said process results and determining 
whether said preset value should be corrected for providing said 
certain process results when implying the processing tool to said 
workpiece; and 

(e) upon detecting that said preset value should be corrected, 
calculating a correction value and generating data representative 
thereof. 

2. The method according to Claim 1, and also comprising the 
step of: 

- providing reference data representative of at least one catibration curve 
in the form of said at least one parameter of the workpieces as a function 
of said at least one working param eter. 
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3. The method according to Claim 1, and also comprising the 
step of: 

- providing an optical model based on nominal values of certain features 
of the workpiece for obtaining theoretical data representative of said at 
least one parameter of the workpiece. 

4* The method according to Claim 2, wherein the step of 
providing said reference data comprises: 

- providing an optical model based on nominal values of certain features 
of the workpiece for obtaining theoretical data representative of said at 
least one parameter of the workpiece; 

• applying the measuring tool to a test area of the workpiece for 
performing a desired number of test cycles using a different value of the 
working parameter of the measuring tool for each cycle, the cycle 
comprising: 

- performing a first measurement of said at least one parameter of the 
workpiece and generating first measured data; 

- processing at least a portion of the test area similar to die processing 
of the processing tool, thereby causing changes of said at least one 
parameter of the workpiece within said at least portion of the test 
area; and 

- performing a second measurement of said at least one parameter of 
the processed portion and generating second measured data; 
analyzing the measured data and using said theoretical data for 

determining said at least one parameter of the workpiece as a function of 

said working parameter. 

5. The method according to Claim 4, wherein the value of the 
working parameter of the measuring tool is of a preset ratio with said preset 
value of the working parameter of the processing tool. 
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6. The method according to Claim 4, and also comprising the 
step of: 

- utilizing said reference data for determining a recommended value of 
said at least one working parameter. 

7. The method according to Claim 3, and also comprising the 
step of: 

- analyzing said theoretical and measured data and optimizing the optical 
model by correcting the nominal values of said certain features of the 
workpiece. 

8. The method according to Claim 1, wherein said measuring 
comprises the steps of: 

- illuminating at least a portion of the wafer by a predetermined incident 
radiation; and 

- detecting radiation returned from the illuminated area and generating 
data representative thereof. 

9. The method according to Claim 4, wherein each of said first 
and second measurements comprises the steps of: 

- illuminating said at least portion of the test area by a predetermined 
incident radiation; and 

- detecting radiation returned from the illuminated area and generating 
data representative thereof. 

10. The method according to Claim 4, wherein said analyzing of 
the first and second measurements comprises: 

r detennining whether a difference between the first and second measured 
values of said at least one parameter satisfies a predetermined condition.' 
11- Hie method according to Claim 10, wherein said 
predetermined condition is associated with the certain process results to be 
provided by applying the processing tool to die working area of the 
workpiece. 
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12. The method according to Claim 4, wherein said desired 
number of cycles are applied to corresponding number of spaced-apart 
portions of the test area. 

13. The method according to Claim I, and also comprising the 
step of: 

(f) in response to said data representative of the correction value, 
correcting said preset value of the working parameter of the 
processing tool to be applied to the working area of the measured 
woricpiece. 

14. The method according to Claim 1, wherein the step (b) also 
comprises; 

(g) processing the measured woricpiece within at least a portion of a test 
area similar to die processing of the processing tool, thereby causing 
changes of said at least one parameter of the woricpiece within said at 
least portion of the test area; and 

(h) performing an additional measurement of said at least one param eter of 
the processed portion of Ate test area and generating additional measured 
data. 

15. The method according to Claim I, wherein said processing 
tool is a part of a production line, said woricpiece progressing along the 
production line towards the processing tool through said measuring tool. 

16. The method according to Claim 15, wherein said production 
line is a photolithography arrangement 

17. The method according to Claim 16, wherein said processing 
tool is an exposure tool. 

18. The method according to Claim 16, wherein said processing 
tool is a coating tool. 

19. The method according to Claim 17, wherein said working 
parameter of the processing tool is the exposure dose. 
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20. The method according to Claim 1, wherein said at least one 
parameter of the workpiecc is an absorption coefficient. 

21. The method according to Claim 1, wherein said at least one 
parameter of the workpiece is a refraction index. 

22. The method according to Claim 1, wherein said at least one 
parameter of the workpiece is a reflectivity. 

23. The method according to Claim 1 , wherein said at least one 
working parameter is a thickness of at least an uppermost layer thereof. 

24. The method according to Claim 1 , wherein said workpiece is 
a semiconductor wafer. 

25* A method for automatic optical control of at least one 
working parameter of a processing tool to be applied to a working area of a 
workpiece for providing certain process results, wherein said processing 
tool is a part of a photolithography tools arrangement, said at least one 
working parameter of the processing tool affects at least one parameter of 
the workpiece under processing, the processing tool has a preset value of 
said at least one working parameter prior to die processing, the method 
comprising the steps of: 

- providing a measuring tool to be applied to said workpiece prior to Hs 
processing by the processing tool; 

- applying the measuring tool to said workpiece for: 

- measuring said at least one parameter of the workpiece and generating 
measured data representative thereof; 

- analyzing said measured data with respect to said preset value of the 
working parameter and to said process results for determining whether 
said preset value should be corrected for providing said process results 
wben applying the processing tool to said workpiece; and 

- upon detecting that said preset value should be corrected, calculating a 
correction value and generating data representative thereof 
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26. The method according to Claim 25, wherein said processing 
tool is an exposure tool. 

27. The method according to Claim 26, wherein said at least one 
working parameter is the exposure dose. 

28. The method according to Claim 25, wherein at least one 
parameter of the workpicce is a reflectivity. 

29. The method according to Claim 25, wherein at least one 
parameter of the workpiece is a refraction index. 

30. The method according to Claim 25, wherein at least one 
parameter of the workpiece is an absorption coefficient. 

31. The method according to Claim 25, wherein said at least one 
parameter of the workpiece is a thickness of at least an uppermost layer 
thereof. 

32. The method according to Claim 25, wherein said workpiece 
is a semiconductor wafer progressing along a production line. 

33. A measuring tool for an automatic optical control of at least 
one working parameter of a processing tool which is to be applied to a 
workpiece for processing a working area thereof for providing certain 
process results, said working parameter affecting at least one parameter of 
the workpiece under processing, wherein the processing tool has a preset 
value of said at leas* one working parameter prior to the processing, the tool 
comprising: 

(1) a processing channel adapted for processing the workpiece similar to 
the processing of the processing tool, a ratio between the working 
parameter of the processing channel and processing tool being of a 
predetermined value; 

(2) a measurement channel adapted for measuring said at least one 
parameter of the workpiece and generating measured data representative 
thereof; 
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(3) an actuator associated with said processing channel and said 

measuring channel for selectively actuating one of them; and 
(A) a processor coupled to said measurement channel, the processor 
being responsive to said measured data for determining and analyzing 
said at least one parameter of the workpiece, and calculating a correction 
value to be applied to the working parameter of the processing tool prior 
to the processing of the workpiece, so as to obtain said process results 
when applying the processing tool to said workpiece. 

34* The tool according to Claim 33, wherein said processor 
utilizes a reference data representative of an optical model based on 
nominal values of certain features of the workpiece, for obtaining 
theoretical data representative of said at least one parameter of the 
workpiece. 

35. The tool according to Claim 34, wherein said reference data 
comprises a database representative of at least one calibration curve in the 
form of said at least one parameter of the workpieces as a function of said at 
least one working parameter. 

36. The tool according to Claim 33, wherein said measurement 
channel comprises an illumination unit for generating a predetermined 
incident radiation, an optical arrangement and a detector unit, the optical 
arrangement directing said incident radiation to a certain area on the 
workpiece and directing radiation returned from the illuminated area to the 
detector unit 

37. The tool according to Claim 33, wherein said measurement 
channel is a spectrophotometer illuminating a certain area of the workpiece 
by a predetermined incident radiation, detecting radiation returned from the 
illuminated area and generating data representative of the intensity of the 
returned radiation as a function of wavelength of said predetermined 
incident radiation. 
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38. The tool according to Claim 33, and also comprising an 
imaging channel including an imaging optics and a sensor, the imaging 
channel being actuated together with the measurement channel. 

39. The tool according to Claim 33, wherein said processor is 
coupled to the processing tool for transmitting the calculated correction 
value thereto. 

40. The tool according to Claim 33, wherein said processing tool 
is an exposure tool. 

41. The tool according to Claim 40, wherein said exposure tool 
is a part of a photolithography tools arrangement 

42. The tool according to Claim 40, wherein said at least one 
working parameter of the processing tool is the exposure dose. 

43. The tool according to Claim 33, wherein said at least one 
parameter of the workpiece is an absorption coefficient of a material formed 
thereon. 

44. The tool according to Claim 33, wherein said at least one 
parameter of the workpiece is a refraction index of a material formed 
thereon. 

45. The tool according to Claim 33, wherein said at least one 
parameter of the workpiece is a reflectivity thereof. 

46. The tool according to Claim 33, wherein said at least one 
parameter of the workpiece is a thickness of at least an uppermost layer 
thereot 

47. The tool according to Claim 33, wherein said workpiece is a 
semiconductor wafer. 

48. A production line having at least one processing tool adapted 
for processing successive workpiece* progressing along the production line 
so as to provide certain process results, wherein said processing tool has a at 
least one working parameter thereof that affects at least one parameter of 
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the workpiece under processing, the processing tool having a preset value of 
said at least one working parameter prior to the processing of said 
workpieces, the production line comprising a measuring tool installed so as 
to be applied to an operational workpiece prior to the processing thereof by 
the processing tool, the measuring tool being adapted for measuring said at 
least one parameter of the workpiece and determining whether said preset 
value should be corrected for providing the process results when applying 
the processing tool to said operational workpiece. 

49, The production line according to Claim 48, wherein said at 
least one processing tool is a part of a photolithography tools arrangement 

50. The production line according to Claim 48, wherein said 
successive workpieces are semiconductor wafers. 
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3. Detailed Description of Invention 

FIELD OF THE INVENTION 

The present invention is in the field of measurmg/inspectag 
techniques and relates to a method and a system for controlling the 
operation of a processing tool for processing workpieces. The invention is 
particularly useful in the manufacturing of semiconductor devices to control 
the operation of photolithography tools to optimize the entire 
photolithography process. 

BACKGROUND OF THE INVENTION 

The manufacture of semiconductor devices consists of several 
procedures applied to a semiconductor wafer to define active and passive 
elements. The wafer is prepared and one or more layers are deposited 
thereon. Thereafter, the process of photolithography is performed, in which 
the surface of a wafer with a pattern conforming to circuit elements is 
formed. An etching process applied to the uppermost layer follows the 
photolithography. By desirably repeating these processes, a multi-level 
semiconductor wafer is produced Thus, photolithography is one of the main 
steps in the manufacture of semiconductor devices. It actually consists of 
the optical image transfer of a pattern from a mask to a semiconductor 
wafer. 
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It is a common goal of the semiconductor industry to minimize 
features en a wafer, namely to make the pattern finer and finer. Owing to 
the feet that optical systems used for image transfer reach their limitations, 
the lithography process should meet higher requirements of its operational 
performance. This means finer process control, as well as the development 
of new lithography equipment and chemicals. The major steps of the 
photolithography process are as follows: 

(a) coating a wafer with a photoresist material (PR); 

(b) exposing the PR to UV radiation through a mask in order to 
produce a latent image of the mask on the PR; 

(c) developing the exposed PR in order to produce the image; ami 

(d) measuring and inspecting the wafer. 

During the exposure of PR to UV light the PR becomes more or less soluble 
in a developing solvent, as compared to the unexposed PR, thereby 
producing a positive or a negative tune image, respectively. 

Fig. 1 illustrates a common photolithography tools arrangement, a 
so-called "link arrangement", generally designated 1, for carrying out the 
photolithography process. The main idea underlying the implementation of 
such a link arrangement is that each tool is dedicated to serve the next one 
in the series, so as to minimize process/tool variations. The link 
arrangement 1 is composed of two main parts: a phototrack 2 and an 
exposure tool 3. The phototrack 2 is formed by a coater track 4 and a 
developer track 5, associated with cassette load/unload stations, designated 
4a and 5a, respectively. A robot (not shown) loads the wafer fiom the 
cassette station 4a to the coater track 4, and, when the coating procedure is 
complete, transfers it to the exposure tool 3. Here, the pattern on a mask is 
aligned with a structure already on the wafer (registration) by an optical 
means installed inside the exposure tool 3, and the wafer is exposed to 
electromagnetic radiation through the mask. After exposure, the robot 
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transfers the wafer to the developer track 5 and then to the cassette station 
5a. Additionally, several different baking procedures are implemented 
during the steps (a) - (c). The coaler trade 2, exposure tool 3 and developer 
track 5 are tightly joined together in order to minimize process variability 
and any potential risk of contamination during photolithography which is a 
very sensitive process. 

The measurement/inspection step is carried out with a metrology tool 
7, which is typically a big, stand-alone machine, that serves for the serial 
critical dimensions (CD) measurement- CD metrology tool 7 measures the 
width of representative lines, spaces and line/space pairs on the wafer. The 
operation of a conventional CD metrology too) is based on two main 
methods: scanning electron microscope (CD SEM) and atomic forced 
microscope (CD AFM). CD measurements typically take place after the 
developing step. To this cad, "developed" wafers are taken out of the link 
arrangement 1 and transferred to the separate CD station occupied by the 
tool 7. Data obtained during the CD measurements is analyzed with a 
processor 8 (which is typically integral with the CD metrology toolX and 
then a some sort of feedback is provided (e.g. an alarm in case of a width 
out of the permitted range) and transmitted to a relevant unit in the 
production line. 

The quality of the entire photolithography process is defined by a 
combination of tolerances for all relevant parameters that can influence the 
final image transfer. The main parameter that should be controlled (and the 
easier to be adjusted and compensated) is the exposure dosage, Le. the 
amount of energy reaching the Pit 

According to one known technique, so-called "send ahead wafer", a 
pilot wafer is sent through the arrangement 1, namely through the 
coating-exposure-developing steps, applying a certain recommended 
exposure dose (and time), and then undergoes CD measurements. The 
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results of the measurements will be the basis for set-up conditions of the 
entire lot, or for a correction signal to be applied to the tool 3 prior to the 
exposure of another wafer m the lot, i.e. a feedback loop. The whole 
sequence of such a "send ahead wafer" procedure can take many hours, 
during which valuable time of the production tools is not fully utilized and 
the wafers' flow is delayed. According to another technique, each lot is the 
basis for the next lot to run in this process representing a so-called 
"lot-to-lot control". By considering the results of the previous lot, a small 
correction can be made. However, a certain increment in the risk exists, 
because the entire lot may be lost. Both of these techniques are time, labor 
and materials consuming and usually do not reveal any problematic root 

It is known that the photolithography provides sufficient results at 
certain levels of PR bleaching. Unfortunately, owing to the fluctuations of 
scan speed and light intensify, it is very difficult to reproduce each time the 
optimum exposure dose. 

The most popular method used in production for providing a 
measurement directly correlated with the photoresist lithography image is a 
so-called "optimal exposure test 9 *. According to this method, a wafer coated 
with a photoresist material is exposed through a mask using a sequence of 
different dosages. Following the exposure and development steps, the dose 
is estimated as a function of line width, utilizing the electron microscopy 
technique. Notwithstanding that this method considers all the relevant 
operations and materials of the entire photolithography process (Le_ coat, 
expose, develop, bakes, resist etc), it consumes expensive useful time of 
the exposure equipment. 

U.S. Patent No. 5,620,818 discloses a photolithographic dose 
determination technique, which utilizes diffraction of a latent image grating 
for constructing a calibration curve. This technique is not compatible with 
on-line production control, because of the following features. It requires 
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that a special mask be designed and a special test wafer, having all the 
relevant stack layers, be created. A large area of a test structure is needed to 
provide a sufficient signal-to-noise ratio. Additionally, to consider each 
layer and each resist when constructing the calibration curve, a sequence of 
gradual exposures of the mask on the wafer should be conducted . 

U.S. Patent No. 5,635,285 discloses several methods of determining 
the correction for exposure. One of them is based on an exposure with a 
phase shift mask; which suffers from the need of an additional alignment 
procedure. Another method uses the known FLEX technique for exposures 
in several focus conditions to overcome the limits of depth of focus (DOF). 
This method has alignment and magnification error related problems. Yet 
another method is based on the use of an additional "out of focus 
illumination". More specifically, additional radiation is added outside the 
depth of focus and the mask operates as a gray scale regime. Consequently, 
tiie method is "mask regime dependent", and therefore should be applied for 
each mask area, each layer and each product separately. 

U.S. Patent No. 4.474,864 discloses a method for dose calculation 
presenting an initial calculation procedure thai relates to the construction of 
calibration curves for the first exposure set up. This calibration is 
implemented by the coating and gradual exposure of a few transparent 
wafers for measuring the absorption resulting from bleaching at a certain 
single wavelength. However, the method suits a laboratory measurement 
procedure and not a real time process control since it is time consuming, 
and requires a long preparation procedure. This method does not consider 
any simultaneous measurement of thickness and refractive index (only 
absorption) which may vary during exposure, thereby affecting the 
absorption. Moreover, this method is based on the assumption that the 
reflection is negligible, which may actually yield an error. According to this 
patent disclosure, the deduction of a calibration curve is based on a single 
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wavelength. This indicates that the measurement values have no statistical 
averaging that can decrease the error of the measurem ent itself. 

In view of the above, it is evident that existing techniques for 
exposure dose determination/correction cannot be used as on-line 
manufecturing steps, and Sail to provide high accuracy and automatic 
analysis and "feed-forward" dose control, rather than "feed-back". The 
existing methods lead to the waste of wafers and other materials like 
photoresists and solvents, as well as the waste of costjy/ useful time of the 
photolithographic tool* Hence, they reduce the production rale (i.e. 
throughput) of the lithographic tools. Additionally, current methods do not 
allow for accurate and Cast determination of the optical parameters of the 
PR layer, such as an absorption coefficient k and a refraction index n 7 and 
therefore do not allow for the direct dosage correction. 

SUMMARY OF THE INVENTION 

There is accordingly a need in the art to improve the quality of a 
photolithography process used in the manufacture of semiconductor devices 
by providing a novel measuring method and system. 

It is a major object of the present invention to provide such a method 
and a system that can be used for controlling parameters of the 
photolithography tools in production. 

There is provided, according to one aspect of the invention, a method 
for automatic optical control of at least one working parameter of a 
processing tool to be applied to a working area of a workpiece for providing 
certain process results, said at least one working parameter of the processing 
tool affecting at least one parameter of the workpiece under processing, 
wherein the processing tool has a preset value of said at least one working 
parameter prior to the processing of the workpiece, the method comprising 
the steps of: 
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(a) providing a measuring tool to be applied to the workpiece prior to its 
processing by the processing tool; 

(b) applying the measuring tool to the workpiece for 

(c) measuring said at least one parameter of the workpiece and 
generating measured data representative thereof; 

(d) analyzing said measured data with respect to said preset value of the 
working parameter and to said process results and determining 
whether said preset value should be corrected for providing said 
certain process results when applying the processing tool to said 
workpiece; and 

(e) upon detecting that said preset value should be corrected, 
calculating a correction value and generating data representative 
thereof 

The main idea of the present invention consists of the following. A 
workpiece progressing along a production line is to be processed by a 
processing tool. The working parameter of the processing tool is typically 
tuned to a preset value. During the processing of the workpiece with the 
processing tool, the value of this working parameter affects some 
parameters of the workpiece. The processing is expected to provide certain 
desired values of these workpieces' parameters (constituting the process 
results). However, owing to the feet that various procedures were applied to 
the workpiece before it arrives to the processing tool (which is usually the 
case considering such a workpiece as a semiconductor wafer progressing on 
the production line), these procedures may unpredictably influence on the 
parameters of the workpiece. Consequently, the preset value of the working 
parameter needs to be corrected so as to meet the requirements of the real 
before-processing conditions of the specific workpiece and to satisfy the 
process results. For the purpose, a novel controlling method is proposed. 
The method consists of measuring the workpiece *s parameters before the 
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processing, and analyzing the same, as well as the preset value of the 
working parameter and the process results, to determine a correction value 
to be applied to the preset vahie for achieving the process results when 
applying the processing tool to the measured workpiece. This technique of 
measuring the operational workpiece before its processing and adjusting the 
processing tool parameter accordingly represents a feed forward closed 
loop. 

Certain reference data is provided and used for performing the 
measurements and analysis of the measured data. The reference data is 
representative of at least one calibration curve in the form of the at least one 
parameter of the workpieces as a function of the at least one working 
parameter of the processing tooL The reference data also comprises an 
optical model based on nominal values of certain features of the workpiece 
for obtaining theoretical data representative of the at least one parameter of 
the workpiece. The optical model presents theoretical data (mathematical 
equation) in the form of the intensity radiation as a function of wavelength, 
wherein the radiation is that returned (reflected) from an illuminated area of 
the workpiece. The reflected radiation depends on the required parameters 
of the workpiece m accordance with known physical effects relevant to the 
specific known kind of workpieces. 

If the workpiece to be processed follows a preceding (already 
processed) workpiece of the same group, (e.g. one or more lot or batches in 
the case of wafers) the calibration curves are known (already obtained). 
When dealing with a "new" group of workpieces of the known kind, the 
calibration curves are prepared with respect to a first-coming workpiece in 
the group. In order to prepare the at least one calibration curve, a so-called 
"set-up operations stage" should be performed. This stage consists of 
applying a desired number of * t test cycles" to the operational workpiece 
within a "test area" thereof. Such a workpiece as wafer is typically formed 
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with a test area located out of the working (patterned) area and having 
features similar to the features of the working area. 

Preferably, the test cycle consists of before-process measurement, 
test process and after-process measurement steps, sequentially applied to the 
test area and being carried out by the measuring tool located as described 
above. To this end, the measuring tool is adapted for processing the 
workpiece similar to the processing tool, a ratio between the working 
parameters of the measuring and processing tools being of a predetermined 
value. The desired number of such test cycles are performed by small 
movements to corresponding number of test sites (portions) within the test 
area using different values of the working parameter of the measuring tool 
for each cycle, and each time determining the values of the required 
parameters of the workpiece. 

From the calibration curve a recommended value of the working 
parameter can be determined, ft should be noted that the recommended 
value might be given by a manufacturer. In this case, the calibration curve 
serves for determining whether this given value satisfies the process results, 
and, upon detecting that it does not satisfy the process results, for 
calculating the correction value to be applied to the recommended value. 
Additionally, during the preparation of the calibration curves, the nominal 
values of some features of fee workpiece could be updated and the optical 
model so optimized could be further used for measurements. 

Each measurement is performed by illuminating at least a portion 
(test site) within the test area by a predetermined incident radiation 
spectrum and detecting radiation returned (reflected) from the illuminated 
area. Measured data so obtained is in the form of the radiation intensity as a 
fiinction of wavelength. Using a fitting procedure between the measured 
and theoretical data, the required parameters can be determined and 
analyzed to generate data representative of the correction value. This data 
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may be l Ted forward" to the processing tool to adjust the value of its 
working parameter for obtaining the process results for this specific 
measured workpiece. 

Preferably, the workpieccs are wafers, the production line being a 
conventional photolithography arrangement. The working area of the wafer 
is an area, which is formed or is to be formed with a desired pattern. The 
processing tool to be controlled is, preferably, an exposure tool, the working 
parameter to be corrected being the exposure dose. However, in general, the 
processing tool may be any one of those used in the photolithography 
arrangement (i.e. coater, developer, etc.). The at least one measured 
parameter of the workpiece is the wafer's reflectivity (i,e. reflectivity of 
either a substrate or a photoresist layer on the substrate), PR refraction 
index, absorption coefficient or thickness. 

Thus, according to another aspect of the present invention there is 
provided a method" for automatic optical control of at least one working 
parameter of a processing tool to be applied to a working area of a 
workpiece for providing certain process results, wherein said processing 
tool is a part of a photolithography tools arrangement, said at least one 
working parameter of the processing tool affects at least one parameter of 
the workpiece under processing, the processing tooJ has a preset value of 
said at least one working parameter prior to the processing, the method 
comprising the steps of: 

- providing a measuring tool to be applied to said workpiece prior to its 
processing by the processing tool; 

* applying the measuring tool to said wafer for: 

- measuring said at least one parameter of the wafer and generating 
measured data representative thereof; 

- analyzing said measured data with respect to said preset value of the 
working parameter and to said process results for determining whether 
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said preset value should be corrected for providing said process results 

when applying the processing tool to said wafer; and 
- upon detecting that said preset value should be corrected, calculating a 

correction value and generating data representative thereof. 

According to yet another aspect of the present invention, there is 
provided a measuring tool for an automatic optical control of at least one 
working parameter of a processing tool which is to be applied to a 
woxkpiece for processing, a working area thereof for providing certain 
process results, said working parameter affecting at least one parameter of 
the workpiece under processing, wherein the processing tool has a preset 
value of said at least one working parameter prior to the processing, the tool 
comprising: 

(1) a processing channel adapted for processing the workpiece similar to 
the processing of the processing tool, a ratio between the working 
parameter of the processing channel and processing tool being of a 
predetermined value; 

(2) a measurement channel adapted for measuring said at least one 
parameter of the workpiece and generating measured data representative 
thereof; 

(3) an actuator associated with said processing channel and said 
m easuring channel for selectively actuating one of them ; and 

(4) a processor coupled to said measurement channel, the processor 
being responsive to said measured data for determining and analyzing 
said at least one parameter of the workpiece, and calculating a correction 
value to be applied to the working parameter of the processin g tool prior 
to the processing of the workpiece, so as to obtain said process results 
when applying the processing tool to said workpiece. 

According to yet another aspect of the present invention, there is 
provided a production line having at least one processing tool adapted for 
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processing successive workpieces progressing along the production line so 
as to provide certain process results, wherein said processing tool has a at 
least one working parameter thereof that affects at least one parameter of 
the workpiece under processing, the processing tool having a preset value of 
said at least one working parameter prior to the processing of said 
workpieces, the production line comprising a measuring tool installed so as 
to be applied to an operational workpiece prior to the processing thereof by 
the processing tool, the measuring tool being adapted for measuring said at 
least one parameter of the workpiece and determining whether said preset 
value should be corrected for providing the process results when applying 
the processing tool to said operational workpiece. 

More specifically, the present invention is used with a 
photolithography tools arrangement for controlling the exposure tool 
* parameter and is therefore described below with respect to this application. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

In order to understand the invention and to see how it may be carried 
out in practice, a preferred embodiment will now be described, by way of 
non-limiting example only, with reference to the accompanying drawings, in 
which: 

Fig. 1 is a block diagram of a common arrangement of the 
photolithography tools; 

Fig. 2a is a block diagram of the main components of a system 
according to one embodiment of the invention; 

Fig. 2b is a block diagram of the main components of a system 
according to another embodiment of the invention; 

Fig. 3 schematically illustrates the main components of a measuring 
tool suitable for the sy stem of either of Fig. 2a or Fig. 2b; 
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Figs. 4a and 4b graphically illustrate an example of calibration 
curves that could be obtained with the measuring tool of Fig. 3; 

Fig. 5 shows a flow diagram of a method for obtaining the 
calibration curves of Figs. 4a and 4b; 

Fig. 6 graphically illustrates the main principles of a fitting 
procedure in the method of Figs. 5a-5c; 

Fig. 7 shows a flow diagram of a dose correction method according 
to one embodiment of the invention; 

Figs. 8a-8b illustrate flow diagrams of a dose correction method 
according to some embodiments of the invention; 

Figs, 9a and 9b are flow diagrams illustrating the main principles of 
two more embodiments of the invention, respectively. 

DETAILED DESCRIPTION OF THE PRIOR ART AND 
PREFERRED EMBODIMENTS 
Prior Art 

Fig. 1 illustrates a conventional photolithography tools arrangement 
with a wafer flow chart, generally designated 1, comprising coating, 
exposing and developing tools 4, 3 and 5, respectively* and a robot, which is 
not specifically shown in Fig. 1. The arrangement 1 is associated with the 
separate measurement/inspection station occupied by CD measurement tool 
7 that is typically equipped by a suitable processor 8 to provide a manual 
feedback loop for controlling the process and tools parameters. The CD 
tool 7 is an expensive **stand alone" device which is typically manually 
loaded/unloaded. 

Working Environment of the Present Invention 

Link Arrangement 

Referring to Fig. 2a, there is illustrated a system, generally 
designated 10, constructed and operated according to the present invention. 
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The system 10 presents a photolithography link arrangement with a wafer 
flow chan generally similar to the conventional arrangement 1, but has 
some unique features consisting in the provision of a "feed forward" loop. 
Same reference numbers are used for identifying those components, which 
are identical in die arrangement 1 and system 10, so as to facilitate the 
understanding of the main concept of the invention. Thus, a phototrack 12 
of the system 10, in addition to die coating, exposing and developing tools, 
comprises a measuring tool 14 associated with a control unit 16 and die 
operator's station 18. The control unit 16 is a processor equipped with a 
suitable image processing utility. The construction and operation of the 
station 19 do not form a part of the present invention and therefore need not 
be specifically described, except to note that the station 18 typically 
includes a personal computer equipped with a data base and a user interface. 
Cluster Arrangement 

Fig. 2b illustrates a system 100 which presents a photolithography 
arrangement, so-called "cluster tool", having a somewhat different 
construction in comparison to that of the link arrangement 10. Similarly, 
same reference numbers arc used to indicate those components that are 
identical in the systems 10 and 100. Here, a robot 6 is illustrated that 
transmits each workpiece within the cluster tool 100* Thus, the system 100, 
in addition to the conventional cluster tool comprises the measuring tool 14. 
The Concept of the Measuring Tool 

The measuring tool 14 is installed in a manner to be applied to an 
operational woikpiece prior to its arrival to the processing tool to be 
controlled, e.g. the exposure tool 3. According to the example of Fig. 2a, the 
measuring tool 14 is installed upstream of the exposure tool 3. In other 
words, a wafer (not shown) is brought to the measuring tool 14 (by a robot) 
after PR coating and baking procedures. The wafer, when arriving to the 
measuring tool 14, is in its ready-to-exposure position being coated by a 
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certain PR layer. The wafer is on its way to the exposure tool 3, where it 
should be exposed to a certain dose dt of certain UV radiation wavelength 
A* The dose and wavelength values do and X Q are nominal, tuned 
("known") parameters of the exposure tool 3. Further "known" parameters 
are the substrate reflectivity and those of the PR layer to be obtained 
after the exposure procedure with the tool 3, i.e. of the PR layer on the 
processed wafer ensuing from the exposure tool 3 and progressing to the 
developer tool 5. As known, any reflectivity signal is composed of specular 
and diffused components, (R^ and R^. The PR layer parameter* are 
absorption coefficient k and refraction index n (optical parameters), and 
thickness h. Thus, the exposure tool 3 is prepared (tuned) for the exposure 
procedure (i.e. exposure dose dp) to be applied to expected substrate 
material and PR layer (i.e. having certain expected optical parameters and 
thickness), so as to provide the desired, after^cxposure values of the 
following parameters: the substrate reflectivity (i.e. underneath the PR 
layer) as a function of the wavelength of incident light, BU0L) (R^ and 
Rtfir); kfr); nW and h. The desired values of these parameters constitute 
the expected process results. 

However, the wafer W under processing has certain real values of 
the above parameters, which values may not match the expected ones, 
owing to the incoming substrate, PR materials and coating tools variations. 
The measuring tool 14 together with the processor 16 serve for a real time 
dose correction Ad to be made to the exposure dose d 0 of the exposure tool 
3 so as to obtain the desired PR layer parameters, when applied to the real 
wafer under processing. This real time correction is implemented with the 
tool 14 before the exposure procedure within the tool 3, presenting thereby a 
forward control of the exposure process. 
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The Apparatus 

Turning now to Fig. 3, the main components of the measuring tool 
14 are more specifically illustrated The tool 14 is associated with a wafer 
W progressing along the system 10 to be processed by the exposure tool. 
The wafer W is located on a stage, which is not specifically shown here, to 
progressively support the wafer during the measurement, the tool 14 
comprises three operational channels, generally at 20a, 20b and 20e, 
serving, respectively, for exposure, measurement and image acquisition. 
The measurement channel 20b is a spectrophotometer determining the 
optical parameters and thickness of the PR layer on the wafer W. Generally, 
die spectrophotometric and imaging channels 20b and 20c may be of any 
known kind, for example such as that disclosed in US Patent No. 5,517,312 
assigned to the assignee of the present application. 

The exposure channel 20a is composed of an illumination unit 22, a 
light directing unit 24 and a detector unit 26. The illumination unit 22 
typically includes a light source 28 for generating UV incident radiation, a 
monochromatic filter 30 and a pinhole 32. The exposure procedure with the 
channel 20a utilizes the same wavelength X* as the exposure tool 3. For that 
reason, the monochromatic filter 30 is appropriately provided. The light 
directing unit 24 includes beam splitters 34 and 36, a tube lens 38, a beam 
sputter 40 and an objective lens 42. The latter is driven by a suitable motor, 
which is not specifically shown, for auto-focusing purposes in a 
conventional manner. The beam sputter 40 deflects the part of incident 
radiation to the detector 26 and the other part to the objective lens 42 to be 
focused onto the wafer W (i.e. its uppermost PR layer). The operational 
principles of all these optical elements are known per se. 

The measurement channel 20b comprises a light source 44 
generating incident light, an optical arrangement 46 and a detector unit 47. 
It should be noted that the light source 44 may be an external radiation 
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source with respect to the entire tool 14, provided the source 44 is 
associated with a suitable light directing optics for directing light into the 
tool 14. The optical arrangement 46 operates in both the pattern recognition 
and measurement modes. The optical arrangement 46 includes a filter 48, a 
grid array 50, the light directing unit 24, and an additional beam splitter 52. 
The filter 48 is designed to cut off the UV radiation, and is appropriately 
driven by an actuator (not shown) to be displaceable between its operational 
and non-operational positions, being, respectively, in and out of the optical 
path of light passing through the channel 20b. The operational and 
non-operational positions of the filter 48 correspond to the pattern 
recognition and measurement modes of die optical arrangement 46, 
respectively. The detector unit 47 comprises a spectrophotometer sensor 54 
and a pinhole 56. The grid array 50 typically facilitates the image focusing. 
The pinhole 56 is typically employed for eliminating the exposure area edge 
effects. It should be noted that the objective lens 42, together with the beam 
splitter 40 and detector unit 26, are preferably mounted on a movable 
optical head (not shown) for movement along the X, Y, Z axes. In this case, 
light beams are directed to and from the optical head by means of additional 
mirrors. This technique is disclosed in the above indicated U.S. Patent No. 
5.517,312. 

The imaging channel 20c is formed by the path of the 
spectrophotometric channel between the wafer W and the splitting mirror 
52, and by an optical mirror 58 and a CCD camera 60. The CCD camera 60 
receives the full image including the projected grids for autofocusing 
purposes. 

Further provided are shutters 62 and 64 (constituting an actuator) 
installed, respectively, in the exposure channel 20a and measuring channel 
20b. The shutters so provided allow for selectively actuating either the 
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exposure or measurement channel. Consequently, the imaging channel 20c 
is involved, once the measurement channel 20b is actuated. 
The Measuring TooJ Operation 

The main mode of the tool operation includes the first 
spectrophotometry measurement of a predetermined site of the PR layer, 
probe exposure of that site witfi a dose and wavelength equivalent to the 
exposure tool dose and wavelength, the second spectrophotometry 
measurement of the same site, and then the calculation of the exposure dose 
correction. 

Probe Exposure 

The exposure channel 20a performs a probe exposure procedure, 
which is generally similar to that of the exposure tool 3 using the same 
wavelength The probe exposure, however, is carried out on test sites 
(not shown) typically located outside the patterned area (die area) of the 
wafer W, for example within a scribe line, and uses a certain predetermined 
exposure dose d, equivalent to the nominal (known) dose d 9 of the exposure 
too!3. 

The probe exposure dose d t does not have to be the exact nominal 
exposure tool dose do for certain mask or product, but the ratio between 
them should be set This is implemented either by carrying out a correlation 
to CD results for the first time, or by using a known data on the nominal 
exposure. Thus, the measuring too! 14 uses the proportionality ratio 
between the probe exposure dose d; and the exposure tool dose d 0 to 
determine the exact correction Ad to be applied to the exposure tool dose d» 
for proper exposure of the real wafer under processing. 

The test site should be a clear area similar to that in tie die area that 
has the same stack of the resist and the underlying layers. The site area must 
be inside a clear made area of a mask used in the exposure tool 3. 
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Practically, the wafer area of about 50x50 micron satisfies the mask-related 
and signal-to-noise requirements. 

Spectral Reflectance Measurement 

During the operation of the channel 20b, the incident light passes 
through the light directing optics 46 and impinges onto the wafer W, 
producing reflected light that propagates in a backward direction through 
the light directing optics 24 up to the beam splitter 34. Light propagation is 
shown here schematically so as to facilitate the illustration of the main 
components and operational principles of the measuring unit 14. The latter 
directs the reflected light towards the detector unit 47. The beam splitter 52 
transmits the part of the reflected light to the specttophotometric sensor 54, 
and reflects the other part of the reflected light to the imaging channel 20c. 
The operation of the spectrophotometry channel 20b is aimed at 
determining the optical parameters (absorption coefficient k and refraction 
index n), substrate reflectivity R^ b and thickness h of the PR layer on the 
wafer W The spectrophotometry sensor 54 receives the light reflected 
from the PR layer and generates measured data representative thereof The 
measured data is in the form of the substrate or/and PR reflectivity I*. as a 
function of the light wavelength X, i.e. ^ (A.). 
Measured Data Analysis 

The processor 16 is responsive to (he measured data 1^(1) for 
calculating the above parameters R^ k, » and h To this end, the processor 
16 is preprogrammed for running a predetermined optical model 
(constituting reference data) based on the nominal values of certain optical 
model factors. These factor* are defined by known physical laws describing 
the light reflection from a multi-layer stack of a kind similar to the stack 
under processing, and, optionally, the kinetics of a photo-active compound 
(P AC) when exposed to UV radiation. The spectrum analysis procedure will 
be described in more detail further below. 
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TTie exposure of a PR to UV light results in chemical changes (e.g., 
different solubility) and variation of the optical properties of the PR, namely 
its absorption and refraction. PR materials arc typically characterized by 
bleaching effect which is a major factor affecting the optical absorption. 
The kinetics of PAC exposure is typically defined by Lambert's law of 
absorption coupled with Beer's law. This technique uses three photoresist 
parameters ABC (or Dill parameters), wherein A and B are the Weachable 
and non-bleachable absorption coefficients, respectively, and C is the 
standard exposure rate constant. Dill parameters play an important role in 
the CD evaluation and simulation of the lithography process, and can be 
determined by utilizing known off-line and inconvenient technique for 
measuring a transmitted intensity of a resist through a photoresist and quartz 
substrate covered with anti-reflection coating (ARC) on its back side. In the 
optical model of the reflection from a multi-layer stack (i.e. wafer) Din 
mathematical equations could be used, being based on theoretical data 
representative of the PR reflectivity as a fiinction of wavelength, I#j(X). 
Since Dill parameters describe the exposure effect of PR chemical and 
optical properties, these mathematical equations could be used to 
understand the reflectivity from the PR layer at each dose level. 

According to the present invention, there is no need for prior 
knowledge of the ABC parameters of the PR. One of the preferred 
embodiments of the invention presents the calculation of these parameters 
in a rast and accurate way from calibration curves, when applying the values 
of exposure time and determining measured data of the PR reflectivity as a 
function of wavelength I„ (X). Then, the kinetics of the PAC exposed to UV 
radiation can be accurately described. The optical modej using corrected 
(updated) PR parameters could be calculated, and Dill parameters ABC 
could be updated. This technique can also serve for optimizing the optical 
model for PR characterization in a fast and in-line mode. Once die corrected 
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ABC are determined, a routine test of matching the calculated theoretical 
data I* (X) to the measured data l n (X) could be presented as an additional 
characteristic for each measurement What can actually be retrieved from a 
calibration curve, is an empiric technique to obtain the exact optical 
parameter response to the dose radiation. Heuce, the dose control via the 
optical parameter response can be directly carried out 

To achieve accurate exposure and to ensure that the repeatable dose 
can be given to the resist, a good auto-focusing mechanism should be 
integrated into the system 10, The requirements for focus precision should 
be better than the depth of focus of the lithographic process being used. 
This means that, for today's stale of die art applications, a focus precision 
level of less than 1 pm is needed. For a focus target any high contrast pattern 
can be used, as long as this target is close to the exposure location and 
smaller then the field of view. The auto-focusing method itself may employ 
any suitable known technique, for example that disclosed in the above US 
Patent No* 5604344. 
Calibration Procedure 

General 

The measurement unit 14 operates in the following manner. A first 
operational stage of the unit 14 consists of the creation of a database for the 
specific PR layer, which is to be currently exposed. More specifically, the 
previously provided optical model is optimized and calibration curves 
(constituting reference data) are prepared based on the real PR material, 
substrate reflectivity R,^ and nominal thickness. It is assumed that the 
effect of a possible change in the nominal values of h and ^ is supposed 
to be small so as not to cause substantial changes in the calibration curve. 

The calibration curves present the probe exposure dose variations 
affecting the optical parameters k and n. Figs. 4a and 4b illustrate four 
graphs C, and C* and G 2 and G 2 representing, respectively, the PR optical 
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parameters as Junctions of the exposure dose, i.e. k(d<) and n(di), and the 
exposure dose changes with the changes of the optical parameters as 
functions of dose, i.e. dd/dk(d) and dd/dn(d). 

If changes in thickness and substrate reflectivity are detected (i.e. 
measured), one can calculate the compensation that is needed for die 
exposure dose by using the ratio of the reflection with the current values of 
thickness and substrate reflectivity to the known reflection from the nominal 
values of thickness and substrate reflectivity. 

Calibration Curves Determination 

Fig. 5 illustrates the main steps of the first operational stage, i.e. 
set-up operations. Initially, a so-called "pre~alignment" (or registration) 
procedure is performed in a conventional manner being applied to a first 
coming wafer from the wafer stack to be processed, i.e. a pilot wafer (step 
70). Then, the pilot wafer (or corresponding optics of the measurement 
ehannel 20b) is moved to a predetermined test site position, so-called 
"calibration site" (step 72). Here, the site pattern recognition and auto-focus 
correction procedures are implemented with the imaging channel 20c (step 
74). For the purpose, the shutters 62 and 64 are in their non-operative and 
operative positions, respectively, so as to block the exposure channel 20a 
and actuate the measurement channel 20b. As to the filter 48, it is in its 
operational position, namely in the optical path of light propagating 
through the channel 20b. Thereafter, a certain exposure-spectrophotometcic 
scheme is applied (step 76). This procedure consists of the following. 

The filter 48 is shifted into its non-operational position, being out of 
the optical path of light passing through the channel 20b. In other words, 
the channel 20b is switched to the measurement mode. The PR reflectivity 
as a function of wavelength, i.e. I. (A.), is measured and optical parameters 
R^bCA-X nW, k(X) and thickness h of the PR layer are calculated, using the 
optical model optionally based on the nominal values of Dill parameters. 
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Then, the shutters 62 and 64, respectively, open and close the exposure and 
measurement channels 20a and 20b, and the probe exposure is applied 
using a predetermined exposure dose d, proportional to the exposure tool 
nominal dose d* Thereafter, the shutters 62 and 64 are operated to, 
respectively, block the exposure channel 20a and actuate the measurement 
channel 20b, and "after-exposure" measurement is carried out to obtain 
measured data V m (X) and to calculate the parameters k' s (A,), n' t (X), 
thickness h\ and reflectivity R'„ b The "calibration site" actually comprises 
an array of m test sites. By movements (which are optionally small) from 
site to site within ihis array and executing the above scheme at m different 
exposure doses, the calibration curves k(d) and n(d) are obtained (step 78). 
From the calibration curves, a recommended exposure dose d TO is 
determined (step 80). The recommended dose d rcc is a dose value at which 
each of the calculated parameters k, ©, R^ b and h is equivalent to a 
corresponding one of the desired parameters to be obtained by the exposure 
procedure with the exposure tool 3. Thus, the data base associated with this 
specific PR coating is provided (step 82). This data base comprises the PR 
optical parameters and thickness as functions of dose (i.e. k(d); o(d); h(d)) 
with respect to a certain substrate reflectivity R^ b . It should be noted that, if 
a certain nominal dose is given by end user, and the above steps associated 
with the determination of the recommended dose could be eliminated. In 
this case, the nominal dose value serves as the recommended dose to be 
analyzed through measurements and corrected, if required. 

At this stage, namely for this recommended dose value d r€C of the 
exposure tool 3, the optical model could be optimized by performing a 
fitting procedure between the measured data r m (k) and the corresponding 
theoretical data hh(k). As indicated above, the theoretical data is obtained 
using certain optical model factors. These factors are adjustable to satisfy a 
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certain condition, which is typically in the form of a merit function defining 
a so-called "goodness of fit" between the measured data and theoretical 
data. 

Measurement Procedure and Exposure Control 

The measurement procedure consists of the determination of all the 
parameters affecting the exposure dose, namely: the substrate reflectance, 
PR thickness and PR optical parameters. Fig. 6 illustrates two graphs I m and 
1* representing the PR reflectivity as a function of wavelength, obtained 
through the measurement and optical model, respectively. By varying 
(fitting) the values of PR parameters h, n. k and ft^ the sufficient 
goodness of fit could be obtained By doing this, the optical model factors 
are updated and the optical model optimized. 

The substrate reflectance contribution to the exposure dose could be 
calculated by two basic techniques: 

(1) an additional measurement of the site before the PR coating, by 
the spectrophotometric channel 

(2) concurrently calculating the substrate reflectivity R^b and PR 
parameters from the measured data J m . 

In both cases, the effect of substrate reflectivity fluctuation from the 
nominal reflectivity value can be deduced and taken into consideration. 

If the calculation show that the recommended dose value does not 
provide the process results, i.e. the desired values of the PR parameters, the 
operation is moved to a further test site, so-called "measurement site", and a 
further operational stages is carried out for determining the correction which 
is to be applied to the recommended exposure dose d^. The main steps of 
this operational stage are illustrated in a self-explanatory manner in Fig. 7. 

As described above, the set-up operations result in the provision of a 
database associated with this specific PR coating is provided (step 82). 
Thereafter, the measurc-exposureKmeasure scheme is performed one time 
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using the recommended exposure dose and the exposure too! 
wavelength X, (step 92). Each of the before-exposure PR parameters k,(A), 
hi and after-exposure PR parameters kjfl.), n 2 (X), h 2 is separately 
obtained. The corresponding parameters and compared, so as to determine 
the differences between them, that is Ah, An and Ah (step 94). This enables 
to detect whether or not the recommended exposure dose needs to be 
corrected (step 96). If so, the corrected exposure dose d^. is calculated in 
the following manner: 

Here, Ad is a function of Ah, Ak, An, 5R refc that is Ad = f(Ak, An, Ah, 
5R^ b ) or, more specifically: 



wherein k. and k» are the values of the absorption coefficient obtained from 
the calibration curve and through measurement, respectively, (dd/dk) t is a 
slope value corresponding to the dose for the "calibration" absorption 
coefficient; er^ is the dose change due to the absolute reflectivity level of 
tine substrate, including all the layers in the stack, at the exposure 
wavelength. When the ratio 5RWR« fc satisfies the following condition: 



<5E„„ 

7^' 



then for the dose change we have: 
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wherein ct=Const for a certain PR. 

It should be noted that the measurement (second) stage could include 
more than one measurement-cxposur&^measijrettient cycle. In other words, 
the predetermined parameters could be retrieved by applying more then one 
partial dose, rather than one nominal dose. 

To more clearly illustrate the above-described unique features of the 
present invention, let us consider the following example for the exposure 
control. 
EXAMPLE: 

In this example, SR = 0, Ah- 0. Turning back to Figs. 4a and 4b, the 
calibration curves are obtained* In other words, the relevant data base is 
already created as described above. The recommended exposure dose is as 
follows: 

d w = 4mJ/cm 2 

The calibration curves C t and G t show that for this dose value we have: 

0.006417; (3d/Sk) c = -37537 
Considering the typical case that a dose correction is needed, the second 
operational stage is performed, i.e. the exposure with the recommended 
exposure dose is applied to the measurement site, and the measured 
(calculated) data for the absorption coefficient is determined to be: 
k„ = 0.005636 

As seen in the calibration curves C r and Gj, for the measured value k,, of 
the absorption coefficient, we have; 

d ro «4.5mJ/cm 2 (3d/5k) m = -3933 
Using the above equation for die corrected dose value, we have: 
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Ad = j- (0.0064 1 7 - 0.005636) • (-37537 - 393.3) 

Hence, in order to obtain the desired value of the PR bleaching, the 
exposure dose of the exposure tool 3 should be decreased by 7,5%. fa this 
specific example, the complete sequence of dose correction is implemented 
with respect to k-calibration curves. The similar procedure may be done for 
the n- calibration curves. 
Process Control Applications 

The processor 16 determines the correction value Ad and generates 
data representative thereof. This data is transmitted to the respective utility 
of the exposure tool 3 either directly or through a special host facility (not 
shown). This technique actually represents the correction signal detection 
and "feed forward" to The exposure tool 3. 

It should be specifically noted that the above-described scheme of a 
fast accurate and automatic measurements aimed at determining the proper 
dose for exposure tool 3 can be applied also to different kinds of features 
like rest structures, patterns and specially designed marks on the wafer. 

Additionally, the above-described method of fast, accurate and 
automatic measurement could be used for the entire process control. Indeed, 
the method allows for comparing and estimating the parameters of any 
radiation-sensitive material, including liquid and solid ARC, on any 
substrate. The measurement could be performed across the wafer, in a wafer 
to wafer, lot to lot or batch to batch fashion. The measuring unit 14 could be 
installed as a part of any photolithography tools arrangement, such as "link" 
or ^cluster". By means of the above-described operation applied to each 
wafer, the trend between wafer to wafer could be determined to give 
feedback connections to the amount of exposure that is needed to overcome 
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any fluctuations which have a "preexposure origin", for example PR 
photosensitivity. It is known that finally obtained CD may be compensated 
by various parameters. In this connection, the variability of the parameters 
k, n, and h, that will be found during the measurements, can be 
compensated by these parameters. Several feedback options can be done for 
closing the loop and correcting for the variability of k, n, h or R„ b 
parameters of PR 

The provision of the measuring tool 14 enables to obtain such data 
whose processing allows for establishing an in-line or off-line dosed loop 
control tor coating parameters, such as spin speed, humidity, temperature, 
exhaust, etc. Additionally, the measuring tool could be employed for in-line 
or off-line closed loop control of the developing process parameters, for 
example the develop time, post exposure bake (PES) time, PEB 
temperature. 

It should also be noted, that the calibration curves so obtained 
provide for the fast, accurate and automatic in-line determination of the 
ABC parameters (i.e. Dill parameters). Indeed, by a series of partial 
exposures the total PR bleaching can be achieved. From the fitting to the 
initial "before-exposure" reflectivity spectrum and from the fitting to the 
final reflectivity spectrum the initial absorption and final absorption could 
be determined, the difference between them representing the first Dill 
parameter A. 

The above-described technique enables the exposure dose for any 
location on the wafer to be in-line predicted, using the in-line determination 
of ABC parameters. This allows for predicting the CD values and for in-line 
simulation using the actual values for ABC, n, k, and h parameters, 
which is advantageous, as compared to any off-line simulation. 

Reference is now made to Figs. 8a-8b illustrating flow diagrams of 
some other embodiments of the process control procedures. These 
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procedures differ from each other by the process stage at which 
measurement is conducted. 

Before Coating Measurement 

The substrate reflectivity R^b is measured prior to the coating 
procedure (step 103). The measured reflectivity could be used for partial 
control of the exposure dose or for minimizing the freedom degrees of 
further optimization, as will be described below. 

Measurement-Expos ure-Measurement 

A wafer, after the PR coating (step 98) and soft-bake processes (step 
100) applied thereto, undergoes the measurement of the relevant 
parameters: ko, n 0 and fa 0 (step 102). Then, the above 
exposuTe-measiirement scheme is applied either to the first site only using 
the partial exposure dose (steps 104 and 105) or to the second test site using 
the full exposure dose (steps 106 and 107). After-exposure values of these 
parameters are determined, that is k x , n u h u R, and k*, n 2 , h 2 , R 2 (steps 108 
and H0).By analyzing the ^fore-exposure" and "after-exposure" 
measurements (step 114), the exposure dose of the exposure tool 3 may be 
adjusted. 

Calibration of the Measurement and Exposure Tools 
A similar full exposure may be applied to a test site by the exposure 
tool 3 (step 111) fbr determining after-exposure values of the relevant 
parameters k* 2 , n* 25 h** R* 2 (step 112). Steps 106, 107, 110 could be 
applied for determining ka, n 2 , h 7 , R 2 . The obtained results would be 
compared to the results of the steps 111 and 112. Steps 111 and 112 present 
the similar fall exposure that can be applied to the test site by the exposure 
tool 3 for determining after-exposure values of the relevant parameters k* 2j 
n* 2 , h*2, R*2- Comparison between two different full exposure results could 
serve fbr matching of the exposure procedures conducted by the exposure 
tool and the measuring tool. 
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Thickness Loss Due to the Exposure 

By comparing the results of steps 102 and HO, thickness loss due to 
exposure could be deduced. This coujd serve for dose control via thickness 
change during exposure. The aforementioned control will be evaluated from 
the calibration curve h(d) that could be determined from the calibration 
procedure. 

De-protection Induced Thickness Loss (DHL) 

An additional analysis of the two different after-exposure 
measurements assists in the estimation of a thickness loss of the wafer after 
the PEB process. Another option shown in Figs. 8a-8b is that of the wafer 
being farther processed within the exposure tool 3 (step 116), undergoing 
measurement (steps 111, 112) and undergoing PEB process (step 118). 
Thereafter, the after-PEB measurement is performed (step 119) and k* 2 , n* 2 , 
6'2, R*2 parameters are determined at the second test site (step 120). The 
determined values are compared to those obtained from steps 111 and 112. 
This enables a baseline for "after expose measurements** to be created for 
the estimation of De-protection Induced Thickness Loss (DITL) in 
chemically amplified resists. 

Procedures Without the Use of Exposure Channel 

Turning now to Figs. 9a and 9b, two more examples of a method 
according to die invention are presented in a self-explanatory manner. 
According to these examples, the measuring tool 14 does not need any 
processing (exposure) channel, but operates only for measuring the relevant 
parameters of the wafer prior to the processing, namely prior to the coating 
and exposure procedures in the example of Fig. 9a and prior to the exposure 
procedure only in the example in Fig. 9b. In these cases, the measuring tool 
may be a spectrophotometer of any suitable kind, capable of providing fast 
and accurate measurements of the intensity of light returned from an article. 
For example, the construction and operation of such a spectrophotometer 
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may be similar to that disclosed in U.S. Patent No. 5,517,31 2 assigned to the 
assignee of the present application. 

Thus, the present invention enables to obtain data that can be used to 
initiate a base line for controlling the lithography process affecting 
thickness changes during the PR exposure or PEB, as a part of more 
elaborate setup for process controL Data obtained from the above method 
may be used for the correlation of other metrology tools results, for example 
construction of a calibration curve between this method to any one of the 
known metrology tools for measurement of critical dimensions, (e.g. 
SEMCD, AFM). 

In view of the above, the advantages of the present invention are 
self-evident It provides a method and apparatus for determining the mid 
near- or deep UV accurate exposure dose of a patterning exposure tool, for 
every product wafer. The invention allows for automatic, fast and accurate 
dose controlling of the photolithographic tools in production. To measuring 
unit 14 so designed enables the integration of a measurement system inside 
a photolithographic tools arrangement in order to obtain a closed loop feed 
forward control based on measuring production wafers. The integration of 
such a tool will enable, among other things, a fast response and comparison 
for wafer to wafer thickness variations, wafer thickness non-uniformity, 
reflectance variations in the resist, ARC or layers below them. The 
invention allows for thickness measurement as a function of time to achieve 
the control of thickness changes caused by volatile component evaporation 
or acid loss. The measuring unit 14 may include several metrology 
operations for monitoring several lithography steps, like exposure and PEB. 

The present invention provides a so-called 'information baseline for 
all other process and/or tools variables and can be used for compensating 
any initial fluctuations. For example, it provides for controlling a 
photolithography process by analyzing data obtained from measurements of 
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the differences in the optical parameters and thickness between the initial, 
pre-soft-bake state and final, after-exposure states; the initial, after-exposure 
and final, after-post-exposure-bake states. The situation of after-expose 
state can be easily achieved with the systems 10, 100 by applying die foil 
nominal exposure of the exposure tool and after the bake procedure that 
follows the exposure. The invention also provides a direct method for 
determination of the Dill parameters without any need for special mask or 
transparent wafer, or special off-line tests. The present invention can be 
used each time the correlation of the dose correction to the known 
metrology tool results is required. The present invention overcomes the 
difficulties of controlling the exposure step for photolithographic process, 
without any need for an in situ internal calibration of the exposure tools or 
previous M off line" measurement of the resist parameters. 

Those skilled in the art will readily appreciate that many modifications 
and changes may be applied to the invention as hereinbefore exemplified 
without departing from its scope defined in and by the appended claims. For 
example, the present invention may be used for controlling other parameters 
of the exposure tool, e.g. the exposure time. Alternatively, the present 
invention may be used for controlling the operation of other photolithography 
tools, as well as of any other processing tool for processing workpteces. The 
processing tool that could be controlled by the invented technique should be 
characterized by a working parameter whose variations affect the optically 
measurable parameters of the warkptece. This enables the measuring tool to 
be installed upstream of the processing tool and provide feed forward loop for 
correcting the working parameter when required. 
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4. Brief Description of Drawings 

Fig. 1 is a block diagram of a common arrangement of the 
photolithography tools; 

Fig. 2a is a block diagram of the main components of a system 
according to one embodiment of the invention; 

Fig. 2b is a block diagram of the main components of a system 
according to another embodiment of the invention; 

Fig. 3 schematically illustrates the main components of a measuring 
tool suitable for the system of either of Fig. 2a or F^. 2b; 

Kg. 4a graphically illustrates an example of calibration 
curves that could be obtained with the measuring tool of Fig.3; 

Fig- 4b graphically illustrates an example of calibration 
curves that could be obtained with the measuring tool of Fig. 3 ; 

Fig. 5 shows a flow diagram of a method for obtaining the 
calibration curves of Figs. 4a and 4b; 

Tig. 6 graphically illustrates the main principles of a fitting 
procedure in the method of Figs. 5a-5c; 

Fig. 7 shows a flow diagram of a dose correction method according 
to one embodiment of the invention; 

Fig. 8a illustrates a flow diagram of a dose correction method 
according to some embodiments of the invention; 

Kg. 8b illustrates a flow diagram of a dose correction method 
according to some embodiments of the invention; 

Fig. 9a is a flow diagram illustrating the main principles of 
two more embodiments of the invention; and 

Fig. 9b is a flow diagram illustrating the main principles of 
two more embodiments of the invention. 
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1. Abstract 

A method and a system ate presented for automatic optica] control of 
at least one working parameter of a processing tool (3) to be applied to a 
working area of a workpiece (W) for providing certain process results. The 
at least one working parameter of the processing tool affects at least one 
parameter of the workpiece under processing. The processing tool has a 
preset value of the at least one working parameter prior to the processing of 
the workpiece. A measuring tool (14) is applied to the workpiece prior to its 
processing by the processing tool for measuring the at least one parameter 
of the workpiece and generating measured data representative thereof The 
measured data is analyzed with respect to the preset value of the working 
parameter and to the process results, so as to determine whether the preset 
value should be corrected for providing the certain process results when 
applying the processing tool to said workpiece. Upon detecting that the 
preset value should be corrected, calculating a correction value. 



2. Representative Drawing 
FIG. 2a 



